We measure chemical plumes at a 250 m standoff distance by sweeping an external cavity quantum cascade laser over a broad spectral range of 920-1220 cm -1 at a rate of 200 Hz.
In particular, for many chemicals we determine noise-equivalent concentrations ~1 ppm*m for operation at 5 ms, with further improvements in sensitivity for averaging times up to 10s. The ECQCL was a custom-built system with an extended tuning range of 920-1220 cm -1 (8.20-10.87 µm), but otherwise similar to previous designs [1, 2] . The average output power at the peak of the tuning curve was 30 mW. The optical system for standoff detection was custom-built from discrete components. The ECQCL output beam was expanded in two stages, first using a refractive telescope with f=-15mm and f=+50mm lens pair, and then using a f=-25mm lens and f=+230mm off axis parabola with 76 mm diameter. The collimated launch beam of ~50 mm diameter was directed to a remote target using a gimbal-mounted mirror and a co-aligned visible camera. A second gimbal-mounted mirror was used to align the return beam through a receiver telescope consisting of an off-axis parabola with f=+230mm and 76 mm diameter and a f=-25 mm lens. The collected return beam was then focused onto an infrared MCZT detector using a f=+25mm lens. The ECQCL and optical system was located outdoors on the roof of a building. A 6" diameter hollow cornercube retro-reflector was placed on the rooftop of a second building, located 250 m away from the ECQCL system, and thus providing a total optical path length 500 m. Small quantities of chemicals were released near the retroreflector to generate vapor-phase plumes which propagated through the ECQCL beam path.
The ECQCL wavelength was swept over its entire tuning range at a 200 Hz rate, providing a wavelength scan every 5 ms. Figure 1(a) shows a series of measured scans of the ECQCL recorded during standoff operation. The measured intensity variation with wavelength is due to the gain profile of the QCL and absorption from atmospheric water vapor appears as sharp dips in the measured intensity. The amplitude of the intensity varies from scan to scan due to effects of atmospheric turbulence and beam steering. However, it is observed that most of the intensity variations occur on slower time scales than the 5 ms between scans. Figure 1(b) plots the spectrally-integrated intensity as a function of time, showing that the 5 ms sampling rate is sufficient to track the fluctuations without sharp discontinuities. The atmospheric turbulence leads to large variations in detected power as shown by the histogram in Fig. 1(c) . While these fluctuations in return power affect the noise and sensitivity, the distribution is well-separated from zero and thus enables continuous detection without signal dropouts.
The measured data was converted to absorbance via
, where ( , � ) is a given scan, and 0 ( �) is an average of 9000 background scans obtained in the absence of any chemical plume releases. Each absorbance spectrum was analyzed using a weighted least squares (WLS) algorithm to determine concentrations of a set of chemicals in an analysis library. Figure 1(d) shows an absorbance spectrum measured for Freon 152a (1,1-difluoroethane), along with the best fit spectrum, library spectrum, and fit residuals. The flat residual spectrum indicates that the turbulence-induced power fluctuations occur primarily at time scales greater than the scan time of 5 ms. For molecules with strong absorption peaks in the spectral region probed, we observe NECL~0.7-3 ppm*m at the fastest measurement time of 5 ms, with no averaging. Although a direct comparison is difficult, the swept ECQCL results compare favorably with measurements using infrared frequency combs, which achieved similar NECL only with averaging times >10s [3] .
In 
